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C5AS EXOW MEASUREMENT APPARATUS AND METHOD FOR EVU LIGHT 

SOURCE 

This application claims a benefit of priority 
5> ^sfiH on Japanese Patent Application No. 2003-1 07539, 
filed on April 11, 2003, which ie hereby incorporated 
by reference herein in iLs enLiieLy as if fully seL 
forth herein. 

10 BACKGROUND OF TOE INVENTION 

The present invention relates to a gas tlow 
measurement apparatus and method for measuring flow of 
gas molecules and a type of gas emitted from an extreme 

15 ultraviolet ("uuv") light source for an exposure 
apparatus that utilizes plasma emissions. 

In manufacturing 3uch fine semiconductor devices 
c±s stiiui<JuiuiucLor memories, and luqicj uiruulLa in 
photolithography technology,, reduction projection 

20 exposure has conventionally been employed with UV light. 
A minimum critical dimension ("CD") transferable by the 
projection exposure is proportionate to a wavelength of 
light for exposure, and inversely proportionate to the 
numerical aperture { "NA" ) of a projection optical 

25 system. Transfers of finer oixculL patterns Lhus have 
required light with a ahnrr.er wave! angth, and thA 
wavelengths of the used UV light have turned from an 
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ultra-hiqh pressure mercury lamp (i-iine with a 
wavelength or about :Shb nm) to KrF «xoimftr l*s«r (with 
a wavelength of about 248 run) and ArF exoimer laocr 
(with a wavelength of about 193 run) • 
5 The photolithography using the UV light/ however, 

has the limits to satisfy the rapidly progressing fin© 
processing of semiconductor devices. Accordingly, 
Lhere has been developed a reduction projection optical 
system lining KfTV light- with a wavftlflngth, such as 10 to 
10 15 run, much shorter than that of the UV light, ( "EUV 
exposure apparatus" hereinafter") for efficient 
transfers of very fine circuit patterns less than 0,1 

Simultancouoly, ao ohown in Japancoc Patent 
15 Application publication No. 9-320792, an EUV liqht 

source is being developed tor supplying EUV .light to an 
• exposure apparatus. A currently proposed EUV light 
source for an exposure apparatus includes two 
representative methods/ i.e., laser produced plasma 
20 ("LPP") and discharge produced plasma ("DPP"), 

FIG. 2 io a ochematic diagram of a LPP light 
source, which ii. radiates a hiqli-inLensiLy pulse laser 
beam 52 to a target material bl in a vacuum chamber, 
generates high-temperature plasma 53 , and emits EUV 
25 light with a wavelength of, e.g. , about 13.5 nm from 
the emission point. The target material may use a 
metallic thin film, inert gas, droplets, etc., which 



2 



are provided in the vacuum chamber by a means such as a 
gas jet and the like. For enhanced *v«r*gA intensity 
of EUV light emitted from the target , the puloc laocr 
preferably has a hiqher repetitive frequency, and is 
5 usually driven at several kH*- 

A supply of the target material 51 is vital to the 
LPP EUV liuht youice. This target material scatters, 
when generating plasma , and causes damaqes and 
contaminations of a multilayer mirror 54 as ^ 

10 reflective optical clement. Those flying particles are 
generally referred to as debris. In order to prevent 
debris' adhesions to the multiplayer mirror^ etc., a , 
debrio filtor 55 called a. foil trap is provided between 
the emission point and the mirror, a plasma generating 

lb part is purged with buffer gas, such as arqon and 

krypton, having predetermined prR<?<surf=; to decelerate 
scattering debris- The target of ton ueoe gas to reduce 
debris, and this tcii.q«L does not qenerate debris. 
HnwAvp.r, a nozzle tor supplying the rarger gas should 

20 be provided near the plasma generating part, and * tip 
of the nozzle scatters due to sputtering, 
disadvanrageously causing debris* 

FIG . 3 is a schema tin vi aw of a DPP light source, 
which flowo gao, such ae Xenon, through a hollow in an 

25 electrode (not shown) , yeatiidtes high-temperature 

plasma th-roncfh rti soharges from high-density current: 
pinches / and finally produces the EUV light. The DPP 
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F.uv light, source also scatters debris from an electrode 
material due to discharges, and needs a debris filter 
57 provided between an emission point and a mirror, 
fills gas, such as helium, having predetermined 
5 pressure to reduce scattering debris. 

Aa diacuoocd f both the EUV light sources supply 
qas for the tarqeL and buffer q«tt> Lu pieveut scaLLexihg 
ot debris, and the plasma generating parr is typically 
maintained at pressure of about 10 Pa. 

10 The EUV light of about 13.5 nm uocd for cxpoourc 

Is easily absorbed in gas molecules and attenuates. 
Therefore, the F.ttV ftxposure apparatus is preferably 
maintained highly vacuum. Moreover, it is difficult to 
spatially partition a connection part between the EUV 

lb light source and the EUV exposure apparatus, because no 
partitioning window material exists which allows the 
EUV light to transmit without attenuations. Ao a 
result, it is difficult Lb prevent inflows of qcts 
molecules from thR light source to the exposure 

20 apparatus while the EUV light is being supplied- On 

the other hand, the inflow gas molecules that cause ^ 
contaminations of an optical element in the exposure 
apparatus disadvantageously shorten the optical- 
element * 3 life and deteriorate exposure performance in 

25 the exposure apparatus. 

In order to prevent adTOrs^ influence of r.he gas 
molecules into the EUV exposure apparatus from the EUV 
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light source, it is necessary to precisely measure a 
type and flow of the inflow gas molecules and to 
provide an appropriate filter, etc, according to the 
result. 

FTfi. 4 shows a schematic view of an exemplary flow 
measurement apparatus or flowmeter. In PIG. 4, a first 
chamber 11 that acconunodates a light source 19 and a 
second chamber 12 that simulates a chamber for an euv 
exposure apparatus are connected by an orifice 14 
having a known conductance. A vacuum gaugo 15A is 
dlLauhtjU Lu the firyl. chamber 11 r while d vacuum gauye 

1515, a vacuum pump 16 and a mass spectrometer 17 are 
attached to the second chamber 12 . 

FIG. 5 is a sectional view of principal part in 
the conventional measurement apparatus for gas flow and 
partial pr«ssnrfl by g*s typ« shown in FTG. 4, and shows 
mcaourcmcnto of the inflow of gas molecules that flow 
in the second chamber 12. When the EUV light is being 
generated. The inilow of the gas molecules into the 
second chamber 12 can be calculated from a pressure 
difference between the vacuum gauges 15A and 15B and 
the conductance of the orifice 14. 

HowfivAT-, th« method shown in VJG. 4 has the 
following problem: When the light radiated from the 
lighL suurce 19 is irradiated directly onto a chamber 
wall surface, the chamber wall desorbs and emits gas 
molecules. Since the EUV light source has large 



radiated^ light intensity and includes a larqe amount of 
light-, with a v^ry »<;hort wavelength, a J arge amount ot 
gao emitted from this chamber wall makes it difficult 
Lu precisely measure a type and flow of the gas 
h molecules into the second chamber 12. 

BRIEF SUMMARY OF THE INVENTION 

Accordingly , it io an object of the prcooxit 
10 invention to provide a qas flow measurement apparatus 
ot an EUV .Light source and a measurement method using 
the same, which can precisely measure a type and flow 
of gas molecules that flow in an EUV exposure apparatus 
from the fciUV light source by preventing emissions of 
15 gas from a chamber wall due to light .irradiations. 

There is provided a gas flow measurement apparatuq 
LhaL measures flow of yds emit Led from an EUV light 
source in a light source chamber that accommodates the 
EUV light source, and includes, an absorber that 
20 receives light emitted from the EUV light source and 

introduced into the qas flow measurement apparatus, arid 
a gas flow measurement method using th« sathr. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 
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t'lU. l is a sectional view of principal part in a 
gas flow measurement apparatus for an EUV light source 
according to the present invention. 

FIG. 2 is a schematic view for explaining a 
5 typical laser produced plasma EUV light source. 

FIC. 3 io a schematic view for explaining a 
typical dlschdrqe piuduced pldsnui EUV liyliL auuice. 

t'JLCi, 4 is a view for explaining a conventional 
measurement apparatus for gas flow and partial pressure 
10 by ga3 type. 

FIG. 5 is a sectional view of principal part in 
the conventional, measurement apparatus tor gas tlow and 
partial pressure by gas type. 

15 PETAIIiED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG- 1 is a sectional view of principal part in a 
gas Xlow measurement apparatus £os: an EOV llyht sourue 
according to the present Invention. In FIG. 1, a tirst 

20 chamber 1 as an EUV light source that includes a plasma 
light source and a condenser mirror is connected to a 
second chamber 2 via a flange 11 and a gate valve 12. 
The second chamber 2 includes an absorber 13 that 
rocoivco the light radiated form the EUV light source, 

25 and all the radiated light Trout the EUV liqhL source is 
irracii*tftrt onto thA ah*orbAr \M: A third chamber 3 is 
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attached to the second chamber 2 via an orifice plate 4 
having prftrietp.rnH n^d nnnrlucfance . 

The ocoond chamber 2 io provided with a vacuum 
gauge OA. A vacuum y<duye 5B, vacuum pump 6, and a 
mass spectrometer 7 are attached to t.hPt third chamber 3 
Here, the vacuum gauges 5A and 5B are preferably the 
same type of vacuum measuring apparatus, and includes a 
combination, for example, of a Piranl gauge and a cold 
cathode -For precise measurements of a wide pressure 
rang©. 

The BUV light source used foi the instant 
embodiment outputs the KUV light with wavelength 10- 
15nm( containing 13.5 nm for use with exposure) at light 
intcnoity of 10 W, and radiates the light at light 
intensity of about 400 w In the entire wave range that 
includes other wavelengths. All fch« light radiated 
from the EUV light eourco is irradiated onto the 
absorber 13. When the absorber 13 is made of a 
material that causes few gas emissions in response to 
light irradiations, the absorber 13 absorbs the light 
radiated from the EUV light source by minimizing the 
gas emissions Iium LUe ulicuifbex- walls, and enables a 
type and flow ot gas molecules from t.h^ F.HV light 
source to the EUV exposure apparatus to be measured 
precisely. Among light emitted from the EUV light 
source, that which causes gas emissions in response r.o 
the light irradiations has a wavelength smaller than 
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the ultraviolet light, and the absorber 13 absorbs most 
of the light having such a short wavelength. Therefore, 
the light reflected on the surface of the absorber 13 
has a relatively larqe wavelenqth, and is less likely 
to nausft ga.s ftmlssions "from the chamber wall at 
different locations. 

A material thaL causes few gas emissions In 
response to the light irradiations and is suitable ior 
the absorber 13 can be determined by actually 
irradiating the light from the BUV light source onto 
absorbers xaade of various materials and by measuring 
the emitted gas amount. As a result ot comparisons 
among various materials that are made flat by 
mechanical polishing and electx-opolishing and subjected 
to light from the predetermined &UV light source in 
vacuum, it is found that a large amount of gas is 
omitted irrespective of typed of materials at the 
initial irradic±L.j.oiiis, Llie emission cunutuiL gradually 
decreases when the irradiation continues, and the ga* 
emission amount becomes constant that depends upon a 
type of each material. There is a difference of about 
500 Lo 2000 times between the gas emission amount at 
thes initial irradiations and one that reduces to a 
constant amount. By irradiating the light from the EUV 
light somcfc) u£ the instant embodiment onto almost all 
the materials for about .HO hour**, the ^mi^ion amount 
becomes about twice to fifth times as large as the 



emission amount: subjected to irradiations for a long 
time. Presumably, this i .«=; because the irradiation 
almost completely emits gas elements that have been 
adhered to a surface and iuse.tl.ed the surface vicinity* 
It is also presumed that the reason why rja.s omission is 
seen after the long irradiation is the gas elements in 
the material sequentially spread under the suilace and 
then come out. In using the absorber 13 for an actual 
1-l.ov "WMwirwnftnf, it Is preferable to reduce the gas 
emission amount in advance by irradiating the light 
from the EUV light source foi «=i pitideLermlned Lime, 

As a result of comparisons among gas emission 
amounts by material, pure metal without a. gas element 
as a major ingredient element and an alloy that 
Includes a combination of metal elements generally 
indicated a small gas emission amount, whereas ceramics 
as oxides or nitrides of a metal olomcnt generally 
indicated a large gas even after long time ixiddldLiuny. 
Even pure metal and an alloy br metal elements have 
different Amission amounts after long irradiations 
according to materials, presumably because amounts of 
gas elements differ auuoxdiny Lu different solubility 
of each gas element and different atmospheres in 
manufacture steps . 

There is a significant difference in y<ds emission 
amount between a mechanically polished flat surf ana and 
an electropolished flat surface on the absorber even 
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when the substrate material is common. it was observed 
that, the e I er.tmpol i <*h«d absnrber has a maximum gas 
omission about 100 timco a3 much aa that of the 
mechanically polished dbsurb^r at Lhe initial Lime of 
irradiations of the light from the KOV light .source, 
and often requires a longer time for the gas emieeion 
amount to reduce. Presumably, this is because the gas 
element is introduced into the material at the 
electrnpol ishing time. 

Cooling or non-cooling by a cooling pipe 14 
provided on a rear surface of Lhe dbburber 13 results 
in different gas emission amounts when the EUV light 
source emits the light: Non-cooling is likely to 
result in the large initial gas emission amount and 
rapid reduction of the amount. It was observed that 
the emission amount atter long irradiations is about 
twice as large ae that with cooling. Presumably, thi3 
results from the temperature rise in the absoj-ber, 
which promotes both gas emissions from a surface and 
mobility dne to diffusions. According to this result, 
tho gas dcoorption from a surface of the absorber needs 
the temperature of the absorber to be maintained high/ 
When the gas flow is actuaJ ly measured, thp cooling 
pipe 14 provided on the rear surface of the absorber 13 
maintains the temperature of the absorber 13 at 
predetermined temperature or smaller , so as to restrain 



emissions of eras molecules from the absorber 13 an y d 
improve the measurement: prenision. 

Presumably, the gac omiooion amount in rcoponae to 
light irradiations from the EUV light: source is dliuosL 
proportional to the irradiated light intensity density. 
Therefore, the gas emission amount per unit area from 
each absorber material can be expressed as a gas 
emission auiouriL per unit intensity of the irradiated 
Tight. Tab! 1 shows g;=i« Rmission amounts from 
respective experimented absorber elements: 



TABLE 1 



MATF.RTAT.S 


SINGLE 

f!fcYSTAT. 

Si 


OXYGEN FREE COPPER 


STAINLE03 


PURE ALUMINUM 


CRACKED 
CEAVAGE 
PLANE 


MECHANICAL 
POLISHING 


ELECTRO- 
POLISHING 


MECHANICAL 
POLISHING 


ELECTRO- 
POLISHING 


GAO 

EMISSION 
AMOUNTS 


(0) 


0.2 


0.7 


2.9 


13.2 


14.6 


(GAS EMISSION AMOUNT: IE— 7Pa " inVs • W - c 







Since it is difficult to' measure a gas emission 
amount duw Lo Lhe liqhL ixrcidlci Lions of the EUV light 
source trom each absorber material without th« EUV 
light source that aeeociatos with an inflow of gao, the 
gas emission amount from each absorber material shown 
in Table 1 corresponds to a difference from the gas 
emission amount of a single crystal silicon material 
that ha3 the least gas emission amount. Each value 
shown in Table 1 is a value indicative of the gas 



12 



emission amount from unit area by irradiation of the 
EUV light of unit power (wav«1«ngth lfl-l.Snm} . 
Measurement was conducted after irradiation of EUV 
liqhL Lo the absorber luaterlcil fur 30 hours for 
cleaning up the fiurfaoft. When a value shown in TaJble 1 
is smaller than IE - 7 (Pa - m 3 / s • W • cm 2 ), it is 
sufficiently smaller than the gas flow from the EUV 
light source used for the Instant embodiment/ and 
suitable for the absorber. 

A rocult shown in Table 1 clarified that copper or 
high puiily silicon having a mechanical polished 
surface is suitable for the absorber 13 in measuring 
the actual gas flow. When copper is used, oxygen-free 
copper having less soluble gas element io preferable 
and a mechanically polished flat surface exhibited qood 
pfirfnrmflnr.R. On hhA.cvhhar hand, when silicon is used, 
high purity oinglc crystal silicon that has a cryetal 
cleavage plane cracked in vacuum and exposes a new flat 
surface emits less gas from the beginning of 
irradiations, and is suitable for the absorber 13. 

A description will now be given of a method of 
measuring a type and inflow of ucis molecules that; flow 
in thA EUV exposure apparatus .from the EUV light source 
using a gas flow measurement apparatus for the EUV 
light source shown in FIG* 1. 

In the first chamber 1 as the EUV light source, 
the LPP manner shown in FIG, 2 supplies xenon as a 
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target material from a molybdenum nozzle, irradiates a 
h1gh~int«n*ity pulsAd laser beam onto the target to 
omit plaoma. The light radiated from plasma is 
condensed by * mulLlldyer mirror, and Tonus a condensed 
point near a downstream end in f.ha -f i rah r.h^mhAr 1. 
The EUV light with a wavelength near 13.5 run for uee 
with exposure has an intensity of about 10 W. Argon as 
buffer qas was supplied to the first chamber 1 so as to 
prevent debris that occurs with plasma emissions from 
adhering to the multilayer mirror. The normal cxpoourc 
introduces the condensed liyhL into Liu* EUV exposure 
apparatus, and illuminates a mask through a 
predetermined optical system to expose a resist on a 
wafer. 

in qeneralr a beam has a diameter of about o 5 mm 
at the condensed point -Formed n«ar the* down .stream end 
in the first chamber 1, and the two-dimcnaional 
radiation angl«=r is about 30° after the beam is 
condensed. The insrant embodiment sets a distance 
between the condensed point and the absorber to 232 mm 
ao that the light emitted from the EUV light source is 
irradiaLed unLo the absorber 13. The absorber 13 has a 
disc shape w.i th an outer diameter of <b 1 40 mm *nd a 
thickness of 20 mm, and is arranged perpendicular to 
the light from the light source. 

The absorber 13 used, oxygen-free copper that, 
caused few gas emissions in response to light 

t 



Irradiations, and a mechanically polished surface 
having flatness of ? pm or smaller,, onto which trhe EUV 
light in irradiated. It is preferable for reduced gas 
emissions Lu fldLLtm <±- aurl^e of the dbyurbtrx 13 by 
polishing,, and to reduce an act.ua f surface area . A 
pipe with an outer diameter of 10 mm and an inner 
diameter of G mm is embedded in the absorber 13, and 
circulates room-temperature cooling pure water at speed 
of ?T. J min. 

An inflow of gae moleouloe from the EUV light 
source is measured as follows: The <jax flow 
measurement apparatus for the kJUV light source includes 
the second chamber 2, directly connected to the EUV 
light source, which accommodates the absorber 13 , and 
the third chamber 3 connected to the vacuum pump 6. 
The second and third chambers 2 and 3 a-re r.nnnficted to 
each other via the orifice 4^ with conductance C« The 
second and third chambers 2 and 3 are provided with 
vacuum gauges 5A and 5b for detecting respective 
internal pressures PI and P2. In such a gas flow 
measurement apparatus , when the gas flux from the EUV 
liqhL buuiue is exhausted from Lhe vacuum pump 6 via 
the oritice 4 to the outside of the system, th<* gas 
flow from the EUV light source becomes equal to the gae 
flow that passes through the orifice 4, Equation 1 
provides the gas flow Q that passes through the orifice 
4, where C is the conductance C of the orifice 4, Pi 
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and *2 are internal pressures Pi and P2 in the second 
and third chamber*; 9 ^nd 3- 

Q - C (PI - P2) (1) 
The gas flow Lxoia Lhe EUV liuhL auuicti is> calculated 
based on the ±low calculated by Equation 1- 

Prior to the experiment, baking was conducted at 
200 *C for 12 hours af tear a sheath heater was wound 
around the second and third chambers 2 and 3 made of 
flhaiTilAR* steel. The light emitted from the EUV light 
source has been irradiated onto the abeorber 13 for 
about 30 hours in advance,. 

Under this condition, the degas flow ui from a 
wall of the second chamber 2 is measured while the gate 
valve 12 ia closed. An opening diameter of the orifice 
4 between the second and third chambers 2 and 3 was set 
to b mm, and the third chamber A waA exhausted by the* 
pump 6 with a volume exhaust speed of 300 L / s to 
create a difference in pressure between the second and 
third chambers 2 and 3. As a result, in the 
«qiii 1 ibrium state, the vacuum gauge 5A attached to the 
second chamber 2 indicated a pressure of about IE 2 Pa, 
and the vacuum qauue 5B a L La died Lu Lhe second chamber 
3 indicated a pressure ot about bE-4 Pa. The inflow Ql 
from the second chamber 2 to the third chamber 3 is 
calculated as Ql - 2.2B - 5 (Pa • m 3 / s) using the 
measurement value and the opening diameter of the 
orifice 4. 
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Next, the gate valve 12 was opened, and a similar 
measurement was conducted whi 1« thA F.UV light. ftonrrra 
emits. As a result, the vacuum gauge 5A attached to 
Lhe second chamber 2 indicated di piessuie of about 3. IE 
5 - 1 Pa and the vaounm gauges bA attached to the second 
chamber 2 indicated a pressure of about 7-2E - 3 Pa- 
The inflow Q2 from the second chamber 2 to the third 
chamber 3 is calculated as Q2 - 6.9E - 4 (Pa - ia* / s) . 
The gas flow Q3 from the EUV light source is 

10 calculated ao a difference between Q2 and Ql, i.e., Q3 
- 6.68E - 4 (E»ci - ui 3 / s) . 

m order to confirm the effect of use of oxygeh- 
free copper for the absorber 13, stainless that 
constitutes the chamber was attached aa the abaorbcr 13 

15 and a comparative experiment was conducted. In this 
case, when the gatP. valve* 12 was closed,, 1t was 
calculated that Ql' - 2.2E - 5 (Pa • m* 5 / s) equivalent 
to oxygen- free copper is flowed in the third chamber 3. 
On the other hand, while the'fcUV light source emitted 

20 the light, the vacuum gauge 5A attached to the second 
chamber 2 indicated a pressure about 5. IE - 1 Pa, and 
the vacuum gauge 5B aLLdched to the sycuad chamber 3 
indicated * prpssnrft about <J.()F. - A Pa. As a result, 
the flow Q2' from the second chamber 2 to the third 

25 chduiibex 3 calculated as Q2' —1.146-3 (Pa - m 3 / 

s) . - 
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Therefore, the apparent: gas flow G3 F from the KUV 
light source, which is calculated from a difference 
between Q2 ' and Ql » as Q3 ' - 1.12E 3 (Pa • m 3 / s) , \ 
showing a significant, difference from Q3. Presumably, 
this diffp.rftnr.A rp.5?nlt:f5 from gas mnlflnilfls amir tad from 
the stainless material used for the absorber 13 due to 
the light irradiations. This result also clearly 
supports that the absorber 13 made of oxygen-free 
copper can measure the gas inflow from the EUV light 
source, which ic close to tho actual value* 

in add! Lion, the yas molecules havluq a mass 
number of 44, presumably sio, was observed in addition 

to xenon used for the target material and argon as the 
buffer gas in view of the measurement result of the 
mass spectrometer 7. Presumably , this product results 
from nxygp.n that slightly exists in the chamber reacts 
with oilioon in the multilayer mirror. 

As discussed/ a qas flow measurement appaj-aLut* 
that irradiates light emitted from an EUV light source 
onto an absorber made' of a material that causes few gas 
emissions, and a measurement method using the same, can 
prevent emissions of gas from the chamber wall due to 
light irradiation, and pr«r.i y rn#=iasiir« a type and 
flow of the gae molecules emitted from the EUV light 
source to Lhe EUV expuauie apparaLu:*. 
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